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This invention relates to reciprocating gas
engines and more particularly to reciprocating
air engines of the expansion-chamber type.

Air expansion engines are used particularly in
apparatus for liquefying air as in machines for
producing oxygen from the atmosphere. In such
machines the air is compressed and cooled to
an extremely cold temperature of the order of
—155° C., and is then passed through an air ex-
pansion engine coupled to a load device for the
purpose of extracting energy from the air as it
is expanded. Since the expansion is adiabatic,
the stock of internal energy of the expanded gas
is reduced and the temperature of the cold ex-
panding air is lowered much further as the air
is returned to atmospheric pressure.

It is an object of my invention to provide an
improved reciprocating air expansion engine
which is adapted particularly for use in small
portable oxygen-generating equipment.

In air expansion engines of the reciprocating
type, the exhaust port of the cylinder is closed
and the intake port of the cylinder is thereupon
opened as the piston nears the end of its return
stroke. As the intake port is opened the com-
pressed air rushes into the cylinder to drive the
piston forwardly. When the piston has moved
through about one-fifth of its forward stroke the
inlet port is closed. Thereupon, further down-
ward movement of the piston results in adiabatic
expansion of the charge of compressed air taken
in before closure of the inlet valve. At the end
of the forward stroke the exhaust port is opened
to allow escape of the remaining air in the eyl~
inder and to permit unimpeded return of the pis-
ton. ‘Typically, the piston is connected by a con-
necting rod to a crank shaft which in turn is
connected to a constant-speed power-absorbing
device such as to the compressor of the oxygen
generator. With the return of the piston, one
cycle of the engine is completed.

As far as is known, it has been the common
bractice to operate the valves of such a recipro-
cating air expansion engine by means of cams
on the crank shaft and push rods operated by
these cams and extending through packing
glands into the valve and cylinder chambers.
Such valve-operating cams are however compli-
cated, bulky and expensive, and require frequent
lubrication and servicing.

In accordance with my invention, I provide a
simple valve mechanism actuated directly in re-
sponse to the piston movement without the ex~
ternal operating cams and push rods and, accord-
ingly, without the lubrication and servicing
which the prior systems require.

It is accordingly a further object of my inven-
tion to provide an air expansion engine with an
improved valve mechanism operated solely in re~
sponse to piston movement to cause the cylinder
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to receive a definite gas charge on the receding
stroke representing a substantial fraction of that
stroke (of the order of 20%), to expand this
charge substantially to the exhaust pressure, and
to then clear substantially the whole cylinder of
gas on the return stroke.

Another object of my invention is to provide
an air expansion engine of the reciprocating type
with an improved valve mechanism operated di-
rectly by piston movement and the air supply
pressure.

More particularly, further objects of my inven-
tion are to provide an improved reciprocating gas
expansion engine which is simple, compact and
economical to build, and which will operate ef-
fectively over long periods with little serviecing
and maintenance requirements.

Other objects and features of my invention will
be apparent from the following description and
the appended claims.

‘In the description of my invention, reference
is had to the accompanying drawings, of which:

Figure 1 is a prinecipally sectional view of an
engine cylinder, piston and valve arrangement
according to my invention, the parts being shown
in the positions which they occupy as the piston
nears the end of its return (exhaust) stroke;

Figure 2 is a fractional sectional view faken on
the line 2—2 of Figure 1;

Figure 3 is a fractional sectional view similar
to Figure 1 showing the valves in the positions
they occupy when the piston is at the end of its
return stroke;

Figure 4 is a fractional sectional view similar
to Figure 1 showing the piston at the end of its
forward (expansion) stroke; and

Figure 5 is a fractional view taken on the line
5—5 of Figure 1.

In the drawings, there is shown fractionally
a gas expansion engine according to my inven-
tion having a vertically-disposed cylinder 18 pro-
vided with rim flanges {1 at the ends. Mounted
on the upper rim flange and fitting internally
the upper portion of the ecylinder is a head {2
having therein a vertical intake port 13 provided
at the top with a valve seat 14 of reduced di-
ameter. Engaging this valve seat is a poppet
valve 15 having an upper guide stem {6 slidably
engaging a guide hole in a bracket {7 and having
a depending stem 18 provided with an inter~
mediate portion I8¢ of reduced diameter. A
plunger 19 is slidably mounted on this reduced
portion I8¢ and is confined thereon for limited
movement relative to the poppet valve by the
stop shoulders 18b and {8c at the ends of this
reduced portion. The plunger has 2 head {9a
slidably engaging the intake port and provided
with four peripheral flats 19¢ (Figure 5) to allow
flow of gas through the port. A bushing 20 is
inset into the lower end of the intake port and
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aids in guiding the plunger, the bushing having
apertures 21 therein (Figure 5) to allow free flow
of gas through the intake port into the cylinder.
Mounted on the top of the cylinder head is a
valve housing 22 having therein a valve chamber
23 and a gas inlet 24 which is to be connected by
suitable tubing 25 to a source of compressed gas
(not shown). 'The poppet valve is urged upward-
1y by a cantilever spring 26, with a light pressure
of the order of 40 grams, into a fully-open posi-
tion defined by abutment of a collar 27 on the
valve stem 1§ against the bracket 7. However,
the valve has sufficient effective area exposed to
the inlet side that the normal differential pres-
sure which is produced across the valve the in-
stant the valve is closed will maintain the valve
in closed position throughout the expansion
stroke against the force of the biasing spring 28.
Typically, the effective area of the valve is such
that the inlet gas, when at a pressure of 150
pounds per square inch, will exert a force of 9
pounds against the valve.

Slidably fitting the cylinder is a piston 28 which
is secured by a nut 28 to a piston rod 80. The
piston rod extends bsyond the lower end of the
cylinder through a hearing 31. This bearing is
part of a lower cylinder head 32 that is mounted
on and secured to the bottom flange {1 of the
cylinder. Extending through the piston is a
series of exhaust ports 33 (Figure 2) to allow
exhaust of the expanded gas in the cylinder
chamber 34 during the return stroke of the pis-
ton, which exhaust gas leaves the cylinder via a
side opening 35 at the lower end thereof. An ex-
haust valve 86 is mounted on the piston for clos-
ing the ports 28 during the forward stroke there-
of. This exhaust valve is preferably in the form
of a simple cantilever spring secured at one end,
as at. 37, to the top wall of the piston and hav-~
ing a lobe portion 2§e at its other end which
overlies the exhaust ports. The bottom face of
this spring and the confronting face of the piston
are ground flat and smooth so that when the
spring is pressed downwardly it will close the
exhaust ports without leakage. The exhaust
spring is biased upwardly away from the piston
into a normal “open” position, the position which
it occupies in Figure 1. This biasing, like that
of the poppet valve {5, is such that it is overcome
by the normal differential pressure which exists
across the valve during the expansion stroke.
Typically, the valve may be so designed that a
differential pressure across it of four pounds per
square inch or more will hold it closed. Thus, as
soon as the exhaust valve is closed, it will be
retained in that position until the differential
pressure across it falls to four pounds per square
inch or until the valve is forcibly opened, as will
appear.

Although the upward bias of the exhaust spring
is overcome by the normal differential pressure
across the valve during the expansion stroke, it
is sufficient to lift the weight of the plunger (9
during the return stroke but is insufficient to
overcome the normal differential pressure exerted
across the intake valve 15,

Tn the event the cylinder pressure has not fallen
sufficiently to cause the exhaust valve to open
by the time the piston reaches a point, say +%"’,
from the far end of the expansion stroke, the ex-
haust valve is foreibly opened in the remaining
portion of the expansion stroke of the piston, The
means for accomplishing this comprises a plunger
38 below the exhaust valve having a stem 39
slidably mounted in the piston and extending be-
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.4
yond the lower end thereof. As the piston nears
the end of its expansion stroke the stem 39 im-
pinges against a stationary abutment formed by
the bearing 81 to force the plunger upwardly

wherefore to lift the exhaust valve from the top

face of the piston. Once the exhaust valve is
lifted from the piston the pressure on the top and

 bottom._sides thereof is equalized and the valve
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is responsive then only to its normal bias..

The operation of the above described expan-
sion engine is as follows: During the return stroke
of the piston 28, the parts are in the positions
they occupy in Figure 1—i. e,, the intake valve
is held closed by the pressure of the gas supply
at the inlet side of the valve, and the exhaust
valve 36 is held open by its normal bias. During
the end portion of the return stroke the ex-
haust valve 36 impinges against the plunger {8
and raises it into contact with the shoulder {8b
without effecting closure of the exhaust valve.
However, immediately thereafter the exhaust
valve is closed by the continuing upward move-
ment of the piston since the downward thrust
exerted on the poppet valve is much greater than
the upward bias of the exhaust valve. As soon
as the exhaust valve is closed, the piston exerts a
positive upward thrust on the poppet valve I5
to lift it from its valve seat 14. As soon as the
intake valve is unseated, the pressure is equal-
ized on its upper and lower sides and the valve
is raised fully open by the spring 26.

As soon as the intake valve is opened the
highly-compressed air of the air supply rushes
through the intake port i3, past the plunger 9
and through the holes 21 in the bushing 28, into
the expansion chamber 34 to exert a downward
driving thrust on the piston. This inrushing gas
exerts insufficient force on the intake valve to
close it against the biasing force of the spring
26. It does however exert a considerable force
on the head of the plunger {9. This force, to-
gether with that produced by the weight of the
plunger, is first taken up by the piston but is
transmitted to the intake valve the instant the
plunger is lowered sufficiently by the receding
piston to cause it to bear against the shoulder
{8c on the valve stem (8. Since this force is
more than sufficient to overcome the bias of the
spring 26, the intake valve is closed the instant
the piston leaves contact with the plunger.

With the closing of the intake valve, 8 charge
of high-compression gas is captured in the ex-
pansion chamber 34. This gas charge continues
to drive the piston forwardly by expansion there-
of and in doing so a differential force is developed
across the intake valve to hold it closed during
the expansion stroke. The piston rod is con-
nected to a crank shaft and the crank shaft is
in turn connected to some constant-speed power-
consuming device as aforementioned, but such
device need not be herein shown. However, be-
cause external work is done by the expanding
gas, its stock of internal energy is reduced and
its temperature is lowered much more than if
would be by expansion alone through a nozzle.

At the end of the forward stroke, the exhaust
valve is opened either in response to the fall of
differential pressure thereacross or by impinge-
ment of the stem of the plunger 38 against the
abutment 31, to allow immediate release of any
remaining pressure in the expansion chamber,
During the return stroke this exhaust valve re-
mains open to allow residual gas in the expansion
chamber to escape via the exhaust ports 23 and
the outlet opening 85. This return of the piston
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will be effected by the drive connection to the
power-absorbing and speed-controlling means for
the engine to which the piston is connected.

Typical values for a gas expansion engine
suitable for a small oxygen generator may bhe as
follows: the piston may have a stroke of the
order of 2%¥,'’, the exhaust valve is closed and
the intake valve is immediately thereafter
opened when the piston is %'’ from the cyl-
inder head {2 and %'’ from the end of its stroke,
and the intake valve is closed when the piston
has been driven forwardly through approxi-
mately 20% of its stroke. These valves are
however only illustrative and no unnecessary
limitation theretc is intended.

The embodiment of my invention hereinabove
described is intended to be illustrative and not
necessarily limitative of my invention, since the
same is subject to changes and modifications
without departure from the scope of my inven-
tion, which I express according to the follow-
ing claims.

I claim:

1. A gas expansion engine comprising a cyl-
inder having a head at one end provided with
an intake port, a piston movable in said cylinder,
a poppet valve for said intake port normally held
closed by the gas inlet pressure and having a
stem projecting towards said piston, a plunger
slidably mounted on said stem and having an
inner portion partially closing said intake port
and an outer portion extending into said cyl-
inder into the path of said piston, a stop element
on said stem engaged by said plunger in the end
portion of the return stroke of said piston for
positively opening said intake valve, means for
vieldably holding said intake valve open, and
means for closing said intake valve during the
forward stroke of said piston comprising a sec-
ond stop element on said stem engaged by said
plunger under pressure of the inrushing gas
thereagainst as the piston in its forward stroke
leaves contact with the plunger.

2. The gas expansion engine set forth in claim
1, including an exhaust valve mounted on said
piston, means biasing said exhaust valve relative
to said piston towards said cylinder head into
open position, said exhaust valve being posi-
tioned on said piston for abutment against said
plunger as the piston nears the end of its return
stroke, and said exhaust valve being biased open
with a lesser force than that exerted by the inlet
gas on said intake valve whereby said exhaust
valve is closed as an incident precedent to the
opening of said intake valve.

3. The gas engine set forth in claim 2 wherein
said exhaust valve has an effective area of ex~-
posure to the gases in said cylinder adapted to
hold the valve closed against its bias force dur-
ing the expansion stroke of said piston.

4. A gas expansion engine comprising a cyl-
inder having a head at one end provided with
an intake port, a piston movable in said cylinder,
a valve for said intake port normally held
closed by the gas inlet pressure, an exhaust port
extending through said piston, a valve for said
exhaust port, means biasing said exhaust valve
into open position with a force less than the
differential pressure exerted normally on said
intake valve when the valve is closed, and means
coupled to said intake valve and adapted to abut
against said exhaust valve to cause the latter to
be closed by the inlet pressure on the former as
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6

said piston nears the end of its stroke towards
said cylinder head.

5. A gas expansion engine comprising an up-
right eylinder having a head at its upper end
provided with a vertical intake port, said port
having a valve seat at its upper end, a piston
movable in said cylinder, a poppet valve for said
intake port adapted to be held closed against
said seat by the gas inlet pressure and having a
vertical stem projecting towards said piston, a
plunger slidably mounted on said stem and hav-
ing an upper portion partially closing said intake
port and a lower portion extending into said
cylinder, a vertical exhaust port extending
through said piston, an exhaust valve cooperat-
ing with said exhaust port and biased upwardly
relative to said piston into open position with
a force greater than the weight of said plunger
and less than the normal force of the gas inlet
pressure on said intake valve, said exhaust valve
being aligned with said plunger for lifting the
latter as said piston is moved upwardly into an
end portion of its forward stroke, a stop element
on said stem for said plunger engaged by the
plunger as it is lifted by said exhaust valve for
forcing the exhaust valve clesed and thereupon
forcing the intake valve open as said piston is
moved to the end of its upward stroke, a spring
acting on said intake valve to raise it to a fully-
open position as soon as the intake valve is dis-
engaged from said seat, a second stop element
on said stem engaged by said plunger wherefore
o close said intake valve as said exhaust valve
leaves contact with the plunger in the down-
ward stroke of the piston, said exhaust valve
being adapted to be maintained closed against its
biasing force by the internal gas pressure in said
cylinder during the downward stroke; and sta-
tionary means to force open said exhaust valve
at the end of the downward stroke of said piston.

6. In a gas expansion engine: the combina-
tion of a cylinder having a head at one end pro-
vided with an intake port, a piston movable in
said cylinder, a valve for said intake port biased
open and urged hormally into closed position
by the gas inlet pressure, a stem connected to
said valve and movable in the direction of said
piston, said stem extending into the path of the
piston for engagement thereby as the piston
moves to the end portion of its return stroke, a
plunger slidably mounted on said stem and hav-
ing an inner portion partially closing said intake
port and an oubter portion extending into the
path of said piston, means to cause positive
opening of said intake valve by said piston as
the piston moves through the end portion of its
return stroke, and means for closing said intake
valve during the forward stroke of said piston
comprising a stop element on said stem engaged
by said plunger under pressure of the inrushing
gas thereagainst as the piston in its forward
stroke leaves contact with the plunger.
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